Negative chemical ionization in quadrupole ion trap mass spectrometry: Effects of applied voltages and reaction times  by Berberich, D.W. & Yost, R.A.
Negative Chemical Ionization in Quadrupole 
Ion Trap Mass Spectrometry: Effectsof Applied 
Voltages and Reaction Times 
D. W. Berberich” and R. A. Yost 
Ufiversity of Florida, Department of Chemistry, Gainesville, Florida, USA. 
The effects of applied voltages and reaction times on negative ion chemical ionization in the 
quadrupole ion trap are investigated. Mass-selected ejection of undesired reagent ions and 
selective mass storage of only negative ions are required for practical negative ion chemical 
ionization. This is achieved by a 
P 
plication of rf and dc voltages to the ring electrode to 
control the mass-to-charge ratios one polarity) of ions stored, as well as by application of a 
supplemental rf voltage applied across the endcap electrodes to selectively eject ions of a 
particular mass-to-charge ratio. Even with careful control of these parameters, negative 
chemical ionization is not as sensitive as electron ionization and positive chemical ionization 
because of the lack of thermal electrons in the ion trap. Mass selection of the hydroxide anion 
as a reagent ion and exclusion of all positive ions provide [M - HI- ions with little or no 
fragmentation for a wide variety of compounds. (1 Am Sot Mass Spectrom 1994, 5, 757-764) 
T he quadrupole ion trap mass spectrometer (QI’IMS) [ 11 has enjoyed a renaissance as a sensi- tive, small, and low cost instrument for gas chro- 
matography-mass spectrometry (GC-MS) [2]. The 
ability to mass select and store ions under computer 
control provides remarkable versatility with few if any 
instrumental modifications, including such features as 
low-pressure chemical ionization [3-61 and tandem (in 
time) mass spectrometry 17-91. The combination of 
these capabilities to perform mass-selected chemical 
ionization permits careful control of the type of ioniza- 
tion and the energies of the ionization process (and 
hence the extent of fragmentation1 that takes place in 
the ion trap [4, l&-25]. 
Although the vast majority of these studies have 
employed positive ions, limited studies of negative 
ions have been reported [5,6,17,25-301. McLuckey et 
al. [5] briefly described the formation of [OH]- and 
[O]- negative chemical reagent ions ln a QlTMS for 
ionizing organic compounds with a high electronega- 
tivity. Parameters governing the injection of reagent 
ions for negative chemical ionization from an external 
source into a QlTMS also have been published [31]. 
Nevertheless, the experimental parameters necessary 
for successful negative chemical ionization (with 
reagent ion formation within the ion trap) in the QITMS 
have not been addressed in detail. Here we report the 
characterization and optimization of reaction times and 
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applied voltages that are critical for the formation and 
detection of negative ions in the QITMS. Negative ion 
formation via both electron capture and negative 
ion-molecule reactions [negative chemical ionization 
(NCI)] are discussed. 
The research presented here centers on the use of 
various electrical fields applied to the ion trap to 
control the mass range and polarity of ions that have 
stable trajectories, as well as the kinetic energy of these 
ions. These fields include the fundamental rf voltage 
applied to the ring electrode, a supplemental rf voltage 
applied across the endcap electrodes at the secular 
frequency of ions of a specific mass-to-charge ratio, 
and a dc voltage applied to the ring electrode to 
provide isolation of ions of a specific mass [4, 10-25, 
28-301 or a particular polarity [26,28]. These capabili- 
ties provide the opportunity to carefully control the 
type of ionization that takes place in the ion trap, and 
the energetics of ionization (and hence the degree of 
fragmentation). It is also demonstrated how these ap- 
proaches are required to make NC1 within the ion trap 
a practical technique. 
The results of the evaluation of several operational 
modes and the parameters that affect these operation 
modes (e.g., applied voltages and reaction times) for 
negative ionization in the QITMS are examined. Non- 
mass-selected and mass-selected ion-molecule reac- 
tions are discussed. Some of the time intervals that will 
be addressed are ionization time, reactant ion forma- 
tion time, and sample ion formation time. Three modes 
of operation will be explored: rf-only mode (non- 
mass-selected reactions), rf voltage and supplemental 
rf voltage (mass-selected ejection of unwanted reactant 
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Figure 1. Mathieu stability envelopes for positive (solid line) 
and negative (dashed line) ions. Points A, B, C, D, and E have 
corresponding a, values of 0.134, -0.223, -0.133, 0.176, and 
0.00, and qr values of 0.738, 0.738, 0.738, 0.738, and 0.908. 
ions), and rf and dc voltage plus supplemental rf 
voltage (mass-selected reactions). The basic forms of 
the scan functions for the various modes of operation 
are described in the experimental section. Conclusions 
and suggestions for future negative ionization studies 
with the QITMS are also presented. 
Mathieu Stability Diagram 
A plot of the regions of stability in a and 9 space that 
provide theoretical stable trajectories is called a stabil- 
ity envelope [32,33] of the Mathieu type and is shown 
in Figure 1 [26]. The ions with values of A and q that 
lie within the stability envelope will have stable trajec- 
tories. Conversely, all ions with values of u and 9 that 
lie outside the stability envelope will have unstable 
trajectories and will not be stored in the ion trap. The 
solid and dashed lines in Figure 1 represent the stabil- 
ity envelopes for positive and negative ions, respec- 
tively. It is readily apparent from examination of the 
stability envelopes that by operation of the ion trap 
with appropriate values of a and 9, ions of a single 
polarity (negative or positive) can be stored in the ion 
trap. Mather and Todd [26] first demonstrated this 
capability by using a dc pulse to isolate the [Cl]- ions 
from dissociative electron capture of dichloromethane. 
This isolated polarity region was explored with the 
experiments that follow. 
Experimental 
Samples and Reagents 
Helium (zero grade) buffer gas was obtained from 
Liquid Air Corporation (San Francisco, CA). Sulfur 
hexafluoride (high purity) was obtained from Mathe- 
son (Secaucus, NJ). Phenyl acetonitrile, methyl ben- 
zoate, ethyl benzoate, aniline, nitrobenzene, and ben- 
zamide (all high purity) and o-cresol (practical grade) 
were obtained from Chem Service (West Chester, PA). 
Glycine (ammonia-free crystalline), benzoic acid 
(certified ACS grade), and n-butyl benzene (98% pure) 
were obtained from Sigma Chemical Co. (St. Louis, 
MO), Fisher Scientific (Orlando, FL), and Eastman Ko- 
dak (Rochester, NY), respectively. 
Quadrupole Ion Trap Mass Spectrometry 
The quadrupole ion trap mass spectrometer (QITMS) 
used in these studies was a Finnigan MAT (San Jose, 
CA) ion trap mass spectrometer (ITMS), which was 
operated at 100 C. The He buffer gas was introduced 
directly into the ion trap via a variable leak valve 
(Granville-Phillips, Inc., Boulder, CO>. The reactant 
gases (N,, Ar, CO,, N,O, CH,, C,H,, and SF,) were 
introduced into the vacuum chamber of the QITMS 
through the normal reactant gas lines via a fine meter- 
ing valve (Negretti Valve Division, Southampton, Eng- 
land) while H,O reactant gas was introduced via a 
variable leak valve (Granville-Phillips), each at indi- 
cated chamber pressures between 1.0 and 2.0 X 10e5 
torr. All liquid samples were introduced into the vac- 
uum chamber through a variable leak valve (Gran- 
ville-Phillips) mounted on a l/2-in.-o.d. probe inserted 
through the solids probe inlet assembly to yield indi- 
cated chamber pressures of 2.0 x 10e6 torr (the end of 
the sample probe was approximately 2.5 cm away 
from the ion trap). All solid samples were introduced 
into the vacuum chamber by means of a standard 
solids probe inserted through the solids probe inlet 
assembly (the end of the sample probe was approxi- 
mately 2.5 cm away from the ion trap). All pressures 
are uncorrected, as measured with a BayardpAlpert 
ionization gauge (Granville-Phillips) mounted on the 
vacuum chamber. 
The standard dynode and channeltron electron mul- 
tiplier assembly was modified to permit detection of 
negative ions. This modification involved the removal 
of the resistor between the dynode and the multiplier. 
The dynode was then connected to a separate external 
high-voltage power supply (Bertan, Hicksville, NY), 
which left the electron multiplier voltage under com- 
puter control of the QITMS. Typical dynode voltages 
were +3 kV for negative ion detection and -3 kV for 
positive ion detection. Electron multiplier voltages 
were typically - 2.2 kV for negative ion detection and 
-1.6 kV for positive ion detection. In general, the 
obtained negative ion spectra were very weak in inten- 
sity; hence, more gain on the multiplier was required 
to obtain reasonable quality spectra. Unless otherwise 
noted, the conversion dynode was biased for negative 
ion detection in these studies. 
The scan diagrams for the scan modes used for 
ionization in the QITMS are shown in Figures 2 and 3. 
The first approach, mass-selected ejection chemical ion- 
ization (CI), involves the application of a supplemental 
rf voltage across the endcap electrodes at the resonant 
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Figure 2. QITMS scan function for mass-selected ejection. 
frequency of a particular mass-to-charge ratio ion dur- 
ing the sample ion formation reaction period (Figure 
2). Provided that the magnitude of this supplemental 
rf voltage is large enough, an undesired ion (reactant 
or product) can be ejected from the ion trap, thereby 
preventing it from increasing in abundance during a 
reaction tune (reaction ion or sample ion formation). 
the mass spectra shown represent a single analytical 
scan (each is the average of seven microscans). 
The second approach, mass-selected reactions, em- 
ploys a dc voltage applied to the ring electrode in 
conjunction with the rf voltage during the reactant ion 
isolation step (period B, Figure 3). This allows a nar- 
row range of mass-to-charge ratios (typically 1 u wide) 
to have stable trajectories within the ion trap [S]. This 
mode of operation is analogous to a quadrupole mass 
filter [32]. Thus, the products of any ion-molecule 
reactions that occurred during previous periods, but 
are not in the mass-to-charge ratio range of interest, 
can be ejected from the ion trap. The ability to mass- 
select ions of a single mass-to-charge ratio enables 
specific ion-molecule reactions to be monitored. All of 
energy. The three basic reactions that can lead to 
negative ions upon interactions of an electron with a 
neutral molecule [34] are electron capture, dissociative 
electron capture, and ion-pair productions. All of the 
EC processes are resonance processes because no elec- 
tron is produced to carry away the excess energy. 
These processes are observed for electrons with kinetic 
energies from thermal up to N 15 eV [351. 
reach thermal energies, because-the rf field will impart 
new kinetic energy to the electrons. Indeed, electrons 
have a mass-to-charge ratio thousands of times lower 
For this work, EC was the first mode of operation 
that was characterized. A number of reactant gases 
were examined for the production of thermal electrons, 
including methane, water, ammonia, nitrous oxide, 
carbon tetrachloride, and sulfur hexafluoride. The sam- 
ple compounds examined for EC were n-butyl ben- 
zene, nitrobenzene, and benzoic acid. Electron capture 
was not observed for any of the sample molecules 
examined, although dissociative electron capture was 
observed for some reagent gases. Even if electrons 
could undergo enough thermalizing collisions at the 
low pressures t- 1000 times lower than in conven- 
tional Cl sources) in the ion trap, they would still not 
Results and Discussion 
than the low mass-t&harge ratio cutoff of the ion trap. 
As a result, electrons will have unstable trajectories 
Electron Capture and much too short a residence time in the ion trap to 
be thermalized [361. 
Electron capture (EC) is an ionization process that When the QITMS was operated to detect negative 
normally requires electrons of thermal or near-thermal ions, positive ions were also detected. This discovery 
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was first suggested by the observation of m/z 19, 
]H,Q]+, in the negative ion mass spectrum of water, 
and confirmed by studies in which [H,O]+ was elimi- 
nated by operation of the trap in a stability region 
where all positive ions are unstable (point D in Figure 
1). When the QITMS is configured for negative ion 
detection, a conversion dynode biased at +3000 V 
functions by converting negative ions to positive ions 
by impact on its surface [37]. The positive ions are 
accelerated to the negatively biased electron multiplier 
and are detected in the usual manner. Positive ions 
may be detected during negative ion operation either 
by bypassing the +3000-V conversion dynode and 
directly striking the multiplier (held at - 2400 V) or by 
striking the endcap or multiplier shield surfaces after 
being repelled by the conversion dynode, which pro- 
duces electrons or negative ions that can then be de- 
tected. 
The most significant time parameters for the pro- 
duction of negatively charged reactant ions via disso- 
ciative electron capture are the times for ionization, 
application of dc voltage (applied to the ring electrode), 
and mass-selective ejection of abundant positive 
reagent ions (e.g., [H,O]+ from water). The characteri- 
zation and optimization of dc voltage applied to the 
ring electrode for isolation of the reactant ion requires 
consideration of the Mathieu stability envelopes for 
positive and negative ions (Figure 1). In positive 
mass-selected CI, the ion trap is typically operated 
near the apex of the stability envelope (point A, nega- 
tive dc voltage applied to the ring electrode) for posi- 
tive ions. When the ion trap was operated at the apex 
of the stability diagram for negative ions (point C, 
positive dc voltage applied to the ring electrode), high 
intensities of ions at m/z 57 and 135 were observed 
(Figure 4a), which actually correspond to [C4H9]+ and 
[C&HIS]+ or [M + HI+ for n-butyl benzene, respec- 
tively, and not to negative ions. These ions are pre- 
sumably formed under positive CI by [H,Ol+. The 
lack of negative ions is due to positive-negative ion 
recombination, because both the abundant positive and 
less abundant negative ions have stable trajectories in 
the ion trap at this point. Alternatively, when the ion 
trap was operated with negative dc voltages applied to 
the ring electrode (point D above the apex of the 
stability diagram for positive ions), efficient isolation 
of negative ions was obtained (Figure 4b). With the 
application of -18-V dc to the ring electrode (with a 
constant qZ of 0.738), [OH]- at m/z 17 will have an a, 
value corresponding to 0.171 (point D on the stability 
diagram). At this value of a, a fairly wide mass range 
(- 15 u) of negative ions are efficiently stored in the 
ion trap, whereas positive ions are not. Hence, the 
problems associated with positive ion-negative ion 
recombination are eliminated. Therefore, for the isola- 
tion of negative ions, negative dc voltages were ap- 
plied to the rinz electode. 
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Figure 4. The [OH]- mass-selected NC1 mass spectra of n-butyl 
benzene (MW 134) with dc vo@eg of (a) +14 V (a, = -0.133) 
and (b) - 18 V (a, = 0.171) and a constant qZ value of 0.738 for 
m/z 17. 
tion, with other parameters held constant. When dc 
voltages applied to the ring electrode are more nega- 
tive than approximately -18 V (a, > 0.171) following 
ionization, negative ions (Figure 5a) are observed at 
very high intensities, whereas positive ions (Figure 5b) 
are largely eliminated. Once again, with positive dc 
voltages applied to the ring electrode, some positive 
ions are still detected in the negative ion spectra (Fig- 
ure 5b). The dc voltage applied to the ring electrode at 
which the positive ions are decreased to less than 10% 
of their maximum intensities, at which point m/z 17 is 
attenuated to one half its maximum intensity (i.e., - 18 
V), was used in the next optimization study. 
Some of the reactant gases and reactant gas systems 
examined were water, nitrous oxide, carbon tetrachlo 
ride, sulfur hexafluoride, and 50/50 mixtures (by pres- 
sure) of nitrous oxide and water and of nitrous oxide 
and methane [38]. It is clear from these experiments 
that negative ion isolation with negative dc voltages 
applied to the ring electrode is very efficient. Reactant 
ions [OH]-, [Cl]-, and [SF,]- (produced from H,O, 
Ccl,, and SF,, respectively) were isolated for NC1 
experiments. The mass s 
,P 
ectrum of the [Cl]- reactant 
ion from Ccl, shows a Cl to 37C1 isotope ratio of 15, 
compared to the normal value of 3, that is due to the 
ejection of the “‘Cl isotope [25]. 
Negative Chemical lonization 
Figure 5 i&rates the characterization of dc volt- Negative ion-molecule reactions may occur by a num- 
age applied to the ring electode for [OH] ion isola- ber of different processes, which include proton ab- 
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s&action, charge exchange, nucleophilic addition, and 
nucleophilic displacement, that produce primarily 
[M - HI-, [Ml-, [M + RI-, and [M - HI- ions, re- 
spectively [351. This article will address only proton 
abstraction reactions in the ion trap. These reactions 
are well known and are described in detail in a num- 
ber of previous works [25, 39-411. Hydroxide ion 
[OH]- is one of the most commonly used reactant ions 
in NC1 [42]. The [OH]- ion from water can be pro- 
duced in high-pressure ion sources by dissociative 
electron capture to form [HI-, followed by proton 
abstraction from another Ha0 molecule to form [OH]- 
[43]. Note that [HI- is of such low mass-to-charge 
ratio that it will not be stored in the ion trap, which 
makes the formation of [OHI- via this route improba- 
ble. In low-pressure ionization sources, the [OH]- 
reagent ions may be formed via dissociative attach- 
ment reactions, with cross sections lo-lo4 times lower 
than those for the production of [HI- 1441. In [OH]- 
NCI, the major reaction that transpires is [25,41] 
[OHIP+M+[M-~l-+~,O (1) 
AH = PA([M - HI ) - PA([OH] ) (2) 
The reactant gases examined for negative chemical 
ionization (NCI) were water, carbon tetrachloride, and 
sulfur hexafluoride. The samples examined for NC1 
were glycine, aniline, o-cresol, phenyl acetonitrile, ben- 
zoic acid, nitrobenzene, n-butyl benzene, methyl ben- 
zoate, benzamide, and ethyl benzoate. 
Muss-Selected Ejection. In the mass-selected ejection 
mode a supplemental rf voltage is applied across the 
endcap electrodes at the resonant frequency of ions of 
a particular mass-to-charge ratio. This procedure will 
prevent an ion of that mass-to-charge ratio from being 
stored ln the ion trap provided the amplitude and 
application time of the voltage are sufficient to rapidly 
increase the amplitude of the ion trajectory until it 
exceeds the ion trap dimensions. 
The major difference in the scan functions for posi- 
tive chemical ionization (PCI) and NC1 is that with 
NC1 the maximum formation of the negative reactant 
ions (e.g., [OH]-) occurs during the ionization time 
(filament-on time), whereas with PC1 the maximum 
formation of positive reactant ions (e.g., [H,Ol+) re- 
quires a reaction time after the ionization time. The 
main factor that contributes to this appears to be posi- 
tive ion-negative ion recombination that quickly elim- 
mates the less abundant negative ions. The other factor 
is that to attain reasonable sensitivity, ionization times 
for NC1 are 100-1000 times longer than those for PCI. 
Hence, ln NCI, ion-molecule reactions to form nega- 
tive reactant ions can occur during the relatively long 
ionization times (60-100 ms). 
The important operating parameters for mass 
selected ejection NC1 are ionization time (60-100 ms), 
the amplitude of the supplemental rf voltage (3 V) 
used for mass-selected ejection of the major positive 
reactant ion (e.g., [H,O]+ at m/z 19), and the reaction 
time to form sample ions (60-200 ms). As mentioned 
previously, optimum ionization times (to form reactant 
ions) are between 60 and 100 ms, which is much longer 
than with PC1 (ionization times are typically between 
0.1 and 1 ms). The necessity of long ionization times 
for mass-selected ejection can be readily explained. 
The EC process, even the dissociative EC process to 
form reactant ions, is much less efficient due to the 
lack of thermal electrons, and therefore, longer ioniza- 
tion times are required to produce an adequate num- 
ber of reactant ions. Another contributing factor to the 
long ionization times required for formation of [OH]- 
reactant ions may relate to the cross sections of the 
dissociative electron attachment process for water. 
Melton [44] reported that the cross section for the most 
commonstate of water dissociating to [HI- is 4.8-7.6 
x lo-” cm3/molecule, which is much higher than the 
cross sections for those states that lead to the direct 
production of [OH]- (8.5-12 X 10-22 cm3/molecule) 
or [O]- (1.3-5.7 X lo-l9 cm3/molecule). These low 
cross sections also may contribute to the long ioniza- 
tion times required for NC1 in the trap. 
The characterization of sample ion formation time 
for mass-selected ejection NC1 illustrates that due to 
the ejection of [H,O]+, positive ion interferences are 
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Table 1. OH- mass-selected NC1 mass spectral summary for the compounds examined 
Compound of [M - HI- Fragment [OH]- remaining 
interest (%RA)’ ions (%RA) (%RA) 
GlyWle 74 II 00) NDb (31) 
Aniline 92 (100) ND ND 
o-Cresol 107 (100) ND (64) 
Phenyl acetonitrile 116 (1001 ND (27) 
Nitrobenzene 122 (100) 921 8) ( 6) 
46(91) 
Benzamide 120(100) ND (14) 
n-Buy1 benzene 133 (100) ND (53) 
Benzoic acid 121 (100) ND (18) 
Methyl benzoate ND 121 (loo) ND 
Ethyl benzoate ND 121 (loo) (11) 
45 ( 291 
a %RA = percent relative abundance 
bND= not detected. 
not significant in the mass spectrum of the sample 
molecules. The non-mass-selected NC1 experiments 
yielded poor results. The negative reactant ions, as 
well as the more abundant positive ions, are stored in 
the ion trap. Hence, positive-negative ion recombina- 
tion leads to rapid loss of the negative ions, which 
limits the ability to perform NC1 in the ion trap [26]. 
For example, the spectrum observed for water non- 
mass-selected NC1 of n-butyl benzene is shown in 
Figure 6a. The spectrum is clearly the result of both 
NC1 ([OH]- reactant ion plus [M - HI- at m/z 133) 
100 
(MtH)+ 136 
: 
9 a) Water non-mass-selected NC1 
a 
100 
(Y--H)_ 133 
: 
9 
b) Water mass-selected 
ejection NC1 
a 
Figure 6. NC1 mass spectra of n-butyl benzene (MW 134) (a) 
water non-mass-selected and (b) mass-selected ejection of [H,O]+ 
with a sample ion formation time of 70 ms. Mass scan range from 
m/z 15 to 3x. 
and PC1 ([H,O]+ reactant ion plus [M + HI+ and 
[C4H41+ at m/z 135 and 57, respectively). The opti- 
mum sample ion formation reaction time is 70 ms for 
water mass-selected ejection NC1 of n-butyl benzene 
(Figure 6b), and the spectrum is characterized by an 
[M ~ HI- ion at m/z 133 and no fragmentation. Com- 
parison with Figure 6a shows that ejection of m/z 19 
has prevented formation of any positive ions (e.g., m/z 
135+), which eliminates the problem of positive ions in 
the NC1 spectrum. The excitation voltage for mass- 
selected ejection of m/z 19 ([H,O]+) is applied 
throughout the sample ion formation segment (period 
C in Figure 2) with an amplitude of 3 V. 
Muss-Selected Ion-Molecule Reactions. The first two pa- 
rameters (ionization time and isolation of reactant ions) 
for NC1 studies were optimized with the EC experi- 
ments. The next parameter that was optimized was 
reaction time for the formation of sample ions (period 
C in Figure 3). This study was performed by using the 
optimum values obtained for ionization time (60 ms) 
and isolation (dc voltage of - 18 V applied for 1 ms). 
The [OH]-- mass-selected NC1 spectra of all the sample 
molecules are summarized in Table 1. The mass spec- 
tra (except for those of nitrobenzene and the alkyl 
benzoates) are characterized by little or no fragmenta- 
tion and the presence of an intense [M - HI- ion. 
Hence, this ionization technique is complementary to 
PC1 and provides molecular weight confirmation for a 
wide range of compound types. The methyl benzoate 
and ethyl benzoate [OH]- mass-selected NC1 mass 
spectra both exhibit an intense benzoate anion due to 
the loss of the alkyl group, but lack any detectable 
[M - HI- ion. The ethyl benzoate mass spectrum also 
has a fragment ion at m/t 45 (either [C,H,OIP or 
[HCOO-) that is not present in the benzoic acid or 
methyl benzoate spectra. The [OH]- mass-selected NC1 
mass spectrum of nitrobenzene is characterized by an 
abundant [M - H] ion (m/z 122) and a [NO,]-’ ion 
(m/z 46), as well as a low abundance ion at m/z 92 
J Am %c Mass Spectrom 1994.5, 757-764 NEGATIVE ION MASS SPECTROMETRY IN THE ION TRAP 763 
that corresponds to [M - HNO]-. The optimum [OH]- 
mass-selected NC1 reaction time to form sample ions 
was determined to be the point at which the remaining 
reactant ion intensity was reduced to less than that of 
the sample ions produced, which corresponded to the 
point when the ion intensity of [M - HI- was maxi- 
mized. In some cases, indeed all the [OH]- ion is 
gone, which indicates that the sample ionization time 
was long enough to use up all the reactant ion. For the 
[OH]- mass-selected NC1 studies, optimum reaction 
times were on the order of 80-100 ms, dependent on 
the concentration of the neutral sample. 
The 50/50 mixture of N,O and H,O also produced 
predominantly [OH]- and some [O]- reactant ions. 
There appears to be no advantage to the use of this 
reaction mixture instead of only H,O for NCI. There- 
fore the characterization of this reaction mixture will 
not be discussed further. The other reactant gases and 
the corresponding isolated reactant ions that were ex- 
amined-ammonia ([NH,]-), carbon tetrachloride 
(Cl-), and sulfur hexafluoride ([SF,]-)-did not pro- 
duce negative ions from any of the sample molecules 
examined in this study. These reactant ions were ex- 
amined with high-pressure NC1 studies and they dis- 
played some reactivity with the classes of compounds 
examined in this work. For instance, [Cl]- was shown 
to form adduct ions with nitroaromatic compounds to 
form [M + Cl]- ions [45]. No sample adduct ions were 
detected with any of these reactant gases, which may 
be explained readily. In high-pressure (- 1-torr) NC1 
studies, the reactant and sample ions undergo a num- 
ber of collisions that can stabilize the negative charge 
on the respective ions. In contrast, in the ion trap the 
pressures are 1000 times lower, which makes colli- 
sional stabilization unlikely. 
when the same sample and reactant gas pressures are 
used. This abundance discrepancy may be due to the 
lack of thermal electrons in the trap and the lower 
cross sections for dissociative electron attachment to 
form the hydroxyl and oxide anions in low-pressure 
sources. 
Positive ions within the ion trap needed to be ejected 
to prevent positive ion-negative ion recombination 
from eliminating the less abundant negative ions. This 
ejection of positive ions from the ion trap for NC1 was 
achieved either by mass-selectively ejecting the major 
positive reactant ion (e.g., m/z 19, [H,O]+) with the 
supplementary rf voltage or by ejecting all positive 
ions with a negative dc voltage applied to the ring 
electrode. The mass-selected NC1 mode of operation 
(with dc voltage) is the most effective technique for 
performing NCI. studies. The results from the QITMS 
[OH]- mass-selected NC1 studies point out that 
molecular weight information in the form of abundant 
[M - HI- ions can be obtained from a wide variety of 
compounds, typically with little or no fragmentation. 
Future work should include applications for the 
examination of NC1 for gas chromatographic analysis. 
Preliminary studies of [OH]- mass-selected NC1 indi- 
cate that [H,O]+ PC1 is at least a factor of 10 times 
more sensitive than [OH]- mass-selected NC1 [29]. 
Further work needs to be done in this area utilizing 
various classes of organic compounds. The ability to 
obtain PC1 ([M + HI+) and NC1 ([M - HI-) mass 
spectra for unknown compounds provides strong evi- 
dence for molecular weight confirmation. Future work 
should also include an evaluation of other methods for 
the selective storage of m/z 17 during the ionization 
step such as the filtered noise field technique devel- 
oped by Teledyne [461 and the selected ion storage 
technique developed by Varian [47]. 
Conclusions 
A major theme of this work is the application of 
various electrical fields to the ion trap to control the 
mass range and polarity of ions that have stable traiec- 
tories. It &s demon&ted how these approaches mike 
NC1 within the ion trap a practical, albeit not a particu- 
larly sensitive, technique. Electron capture is only ob- 
served in the ion trap for compounds with extremely 
high electron affinities (e.g., SF,). However, dissocia- 
tive electron capture is observed in the ion trap for a 
variety of reactant gases that includes water, ammonia, 
and carbon tetrachloride. The likelihood of dissociative 
EC is greater than EC for these species, because it can 
occur with more energetic electrons. 
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